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                    Abstract
Cocaine- and amphetamine-regulated transcript (CART), discovered in 1995, with various biological functions, has received much attention recently due to its role in the regulation of appetite in mammals. However, the function of CART on the appetite control in fish species is still not very clear. In this study, Siberian sturgeon (Acipenser baerii Brandt) cart gene was cloned for the first time, and the cart mRNA levels in 11 feeding-related tissues was investigated. The Siberian sturgeon cart gene sequence was 1459 base pairs (bp), including a 3′-terminal untranslated region (3′-UTR) of 39 bp, a 5′-terminal untranslated region (5′-UTR) of 52 bp, and an open reading frame (ORF) of 348 bp encoding 115 amino acids. Siberian sturgeon cart gene has three exons and two introns including 341 bp intron 1 and 679 bp intron 2. The result of tissue distribution showed that cart was widely distributed in 11 tissues with the highest expression in the whole brain. The effects of periprandial (pre- and post-feeding), fasting, and re-feeding on cart mRNA abundance in the whole brain were assessed. Periprandial result showed the expression of cart mRNA in the whole brain significantly elevated after feeding for 3 h. However, fasting experiment showed that the level of cart significantly decreased after 1 day of fasting, but that significantly increased after 3–17 days of food deprivation and returned to the basic level after 3 days of re-feeding in the fishes which were fasted for 15 days. In conclusion, this study suggests that CART has the bidirectional effects on appetite, which acts as a satiety factor in short-term feeding regulation but as a starvation factor in long-term appetite regulation in Siberian sturgeon.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Three forms of cocaine- and amphetamine-regulated transcript may be involved in food intake regulation in gibel carp (Carassius auratus gibelio)
                                        
                                    

                                    
                                        Article
                                        
                                         19 May 2019
                                    

                                

                                Chaowei Zhou, Luo Lei, … Zonglin Zheng

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Multiple cocaine- and amphetamine-regulated transcript genes in yellowtail Seriola quinqueradiata: cloning, tissue distribution in the brain, and response to fasting and fish meal soluble fraction
                                        
                                    

                                    
                                        Article
                                        
                                         10 November 2020
                                    

                                

                                Haruhisa Fukada, Koji Murashita, … Toshiro Masumoto

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Identification, tissue distribution, periprandial expression, and anorexigenic effect of spexin in Siberian sturgeon, Acipenser baeri
                                        
                                    

                                    
                                        Article
                                        
                                         14 August 2020
                                    

                                

                                Zhengzhi Tian, Shaoqi Xu, … Zhiqiong Li

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abbott C, Rossi M, Wren A, Murphy K, Kennedy A, Stanley S et al (2001) Evidence of an orexigenic role for cocaine-and amphetamine-regulated transcript after administration into discrete hypothalamic nuclei. Endocrinology 142(8):3457–3463. https://doi.org/10.1210/endo.142.8.8304
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bemis W, Kynard B (2002) Sturgeon rivers: an introduction to acipenseriform biogeography and life history. Sturgeon Biodivers Conserv:167–183. https://doi.org/10.1007/0-306-46854-9_8
                

	Bonacic K, Martínez A, Martín-Robles ÁJ, Muñoz-Cueto JA, Morais S (2015) Characterization of seven cocaine- and amphetamine-regulated transcripts (CARTs) differentially expressed in the brain and peripheral tissues of Solea senegalensis (Kaup). Gen Comp Endocrinol 224:260–272. https://doi.org/10.1016/j.ygcen.2015.08.017
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen H, Zhang X, Hao J, Chen D, Liu J, Gao Y, Zhu J, Wu H, Lin F, Pu Y, Yuan D, Wei R, Zhou C, Wang T, Li Z (2015) Molecular cloning, expression analysis, and appetite regulatory effect of peptide YY in Siberian sturgeon (Acipenser baerii). Gene 563(2):172–179. https://doi.org/10.1016/j.gene.2015.03.028
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Christoffels A, Koh EG, Chia J-M, Brenner S, Aparicio S, Venkatesh B (2004) Fugu genome analysis provides evidence for a whole-genome duplication early during the evolution of ray-finned fishes. Mol Biol Evol 21(6):1146–1151. https://doi.org/10.1093/molbev/msh114
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Daprà F, Gai F, Palmegiano G, Sicuro B, Falzone M, Cabiale K et al (2009) Siberian sturgeon (Acipenser baerii, Brandt JF 1869) gut: anatomic description. Int Aquat Res 1:45–60

                    Google Scholar 
                

	Douglass J, Daoud S (1996) Characterization of the human cDNA and genomic DNA encoding CART: a cocaine-and amphetamine-regulated transcript. Gene 169(2):241–245. https://doi.org/10.1016/0378-1119(96)88651-3
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Douglass J, McKinzie AA, Couceyro P (1995) PCR differential display identifies a rat brain mRNA that is transcriptionally regulated by cocaine and amphetamine. J Neurosci 15(3 Pt 2):2471–2481
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dulioust A, Lerolle N, Dolphin P, Boufassa F, Duracinsky M, Delfraissy JF et al (2009) High frequency of neurocognitive disorders in older HIV-infected patients despite a sustained virological and immunological response on carT: the sigma study. In: Age

                    Google Scholar 
                

	Gibbs J, Young RC, Smith GP (1997) Cholecystokinin decreases feed intake in rats. Obes Res 5(3):284–290. https://doi.org/10.1002/j.1550-8528.1997.tb00305.x
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gilon P (2016) Cocaine-and amphetamine-regulated transcript: a novel regulator of energy homeostasis expressed in a subpopulation of pancreatic islet cells. Diabetologia 59(9):1855–1859. https://doi.org/10.1007/s00125-016-4052-y
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Glasauer SM, Neuhauss SC (2014) Whole-genome duplication in teleost fishes and its evolutionary consequences. Mol Gen Genomics 289(6):1045–1060. https://doi.org/10.1007/s00438-014-0889-2
                
Article 
    CAS 
    
                    Google Scholar 
                

	Hoskins LJ, Volkoff H (2012) The comparative endocrinology of feeding in fish: insights and challenges. Gen Comp Endocrinol 176(3):327–335. https://doi.org/10.1016/j.ygcen.2011.12.025
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kehoe AS, Volkoff H (2007) Cloning and characterization of neuropeptide Y (NPY) and cocaine and amphetamine regulated transcript (CART) in Atlantic cod (Gadus morhua). Comp Biochem Phys A 146(3):451–461. https://doi.org/10.1016/j.cbpa.2006.12.026
                
Article 
    
                    Google Scholar 
                

	Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K (1999) Ghrelin is a growth-hormone-releasing acylated peptide from stomach. Nature 402(6762):656–660. https://doi.org/10.1038/45230
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Koylu EO, Couceyro PR, Lambert PD, Ling NC, DeSouza EB, Kuhar MJ (1997) Immunohistochemical localization of novel CART peptides in rat hypothalamus, pituitary and adrenal gland. J Neuroendocrinol 9(11):823–833
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kurokawa T, Murashita K (2009) Genomic characterization of multiple leptin genes and a leptin receptor gene in the Japanese medaka, Oryzias latipes. Gen Comp Endocrinol 161(2):229–237. https://doi.org/10.1016/j.ygcen.2009.01.008
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lambert PD, Couceyro PR, McGirr KM, Dall Vechia SE, Smith Y, Kuhar MJCART (1998) Peptides in the central control of feeding and interactions with neuropeptide Y. Synapse 29(4):293–298. https://doi.org/10.1002/(SICI)1098-2396(199808)29:4<293::AID-SYN1>3.0.CO;2-0
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lenard NR, Berthoud HR (2008) Central and peripheral regulation of food intake and physical activity: pathways and genes. Obesity 16:S11–S22. https://doi.org/10.1038/oby.2008.511
                
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lin X, Volkoff H, Narnaware Y, Bernier NJ, Peyon P, Peter RE (2000) Brain regulation of feeding behavior and food intake in fish. Comp Biochem Phys A 126(4):415–434. https://doi.org/10.1016/S1095-6433(00)00230-0
                
Article 
    CAS 
    
                    Google Scholar 
                

	Lin F, Wu H, Chen H, Xin Z, Yuan D, Wang T, Liu J, Gao Y, Zhang X, Zhou C, Wei R, Chen D, Yang S, Wang Y, Pu Y, Li Z (2014) Molecular and physiological evidences for the role in appetite regulation of apelin and its receptor APJ in Ya-fish (Schizothorax prenanti). Mol Cell Enocrinol 396(1-2):46–57. https://doi.org/10.1016/j.mce.2014.08.009
                
Article 
    CAS 
    
                    Google Scholar 
                

	Liu HS, Shen H, Luo Y, Hoffer B, Wang Y, Yang Y (2016) Post-treatment with cocaine-and amphetamine-regulated transcript enhances infarct resolution, reinnervation, and angiogenesis in stroke rats—an MRI study. NMR Biomed 29(3):361–370. https://doi.org/10.1002/nbm.3461
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2−ΔΔCT method methods 2001;25:402–408

	Mo C, Cai G, Huang L, Deng Q, Lin D, Cui L, Wang Y, Li J (2015) Corticotropin-releasing hormone (CRH) stimulates cocaine-and amphetamine-regulated transcript gene (CART1) expression through CRH type 1 receptor (CRHR1) in chicken anterior pituitary. Mol Cell Enocrinol 417:166–177. https://doi.org/10.1016/j.mce.2015.09.007
                
Article 
    CAS 
    
                    Google Scholar 
                

	Murashita K, Kurokawa T (2011) Multiple cocaine-and amphetamine-regulated transcript (CART) genes in medaka, Oryzias latipes: cloning, tissue distribution and effect of starvation. Gen Comp Endocrinol 170(3):494–500. https://doi.org/10.1016/j.ygcen.2010.11.005
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Murashita K, Kurokawa T, Ebbesson LO, Stefansson SO, Rønnestad I (2009) Characterization, tissue distribution, and regulation of agouti-related protein (AgRP), cocaine-and amphetamine-regulated transcript (CART) and neuropeptide Y (NPY) in Atlantic salmon (Salmo salar). Gen Comp Endocrinol 162(2):160–171. https://doi.org/10.1016/j.ygcen.2009.03.015
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nishio S-I, Gibert Y, Berekelya L, Bernard L, Brunet F, Guillot E, le Bail JC, Sánchez JA, Galzin AM, Triqueneaux G, Laudet V (2012) Fasting induces CART down-regulation in the zebrafish nervous system in a cannabinoid receptor 1-dependent manner. Mol Endocrinol 26(8):1316–1326. https://doi.org/10.1210/me.2011-1180
                
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Peterson BC, Waldbieser GC, Riley LG, Upton KR, Kobayashi Y, Small BC (2012) Pre-and postprandial changes in orexigenic and anorexigenic factors in channel catfish (Ictalurus punctatus). Gen Comp Endocrinol 176(2):231–239. https://doi.org/10.1016/j.ygcen.2012.01.022
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roubos EW, Lazar G, Calle M, Barendregt HP, Gaszner B, Kozicz T (2008) Brain distribution and evidence for both central and neurohormonal actions of cocaine-and amphetamine-regulated transcript peptide in Xenopus laevis. J Comp Neurol 507(4):1622–1638. https://doi.org/10.1002/cne.21641
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Shewale SA, Gaupale TC, Bhargava S (2015) Temperature dependent changes in cocaine-and amphetamine regulated transcript (CART) peptide in the brain of tadpole, Sylvirana temporalis. Gen Comp Endocrinol 220:61–69. https://doi.org/10.1016/j.ygcen.2014.06.025
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Thompson RC, Seasholtz AF, Herbert E (1987) Rat Corticotropin-releasing hormone gene: sequence and tissue-specific expression. Mol Endocrinol 1(5):363–370. https://doi.org/10.1210/mend-1-5-363
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tung YC, Piper SJ, Yeung D, O’Rahilly S, Coll APA (2006) Comparative study of the central effects of specific proopiomelancortin (POMC)-derived melanocortin peptides on food intake and body weight in pomc null mice. Endocrinology 147(12):5940–5947. https://doi.org/10.1210/en.2006-0866
                
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Vandepoele K, De Vos W, Taylor JS, Meyer A, Van de Peer Y (2004) Major events in the genome evolution of vertebrates: paranome age and size differ considerably between ray-finned fishes and land vertebrates. Proc Natl Acad Sci USA 101(6):1638–1643. https://doi.org/10.1073/pnas.0307968100
                
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Volkoff H (2016) The neuroendocrine regulation of food intake in fish: a review of current knowledge. Front Neurosci 10. https://doi.org/10.3389/fnins.2016.00540
                

	Volkoff H, Peter R (2001a) Characterization of two forms of cocaine-and amphetamine-regulated transcript (CART) peptide precursors in goldfish: molecular cloning and distribution, modulation of expression by nutritional status, and interactions with leptin. Endocrinology 142(12):5076–5088. https://doi.org/10.1210/endo.142.12.8519
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Volkoff H, Peter RE (2001b) Interactions between orexin A, NPY and galanin in the control of food intake of the goldfish, Carassius auratus. Regul. Peptides 101(1-3):59–72. https://doi.org/10.1016/S0167-0115(01)00261-0
                
Article 
    CAS 
    
                    Google Scholar 
                

	Volkoff H, Unniappan S, Kelly SP(2009) Chapter 9 The endocrine regulation of food intake Elsevier Sci Technol

	Wan Y, Zhang Y, Ji P, Li Y, Xu P, Sun X (2012) Molecular characterization of CART, AgRP, and MC4R genes and their expression with fasting and re-feeding in common carp (Cyprinus carpio). Mol Biol Rep 39(3):2215–2223. https://doi.org/10.1007/s11033-011-0970-4
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang J-T, Li J-T, Zhang X-F, Sun X-W (2012) Transcriptome analysis reveals the time of the fourth round of genome duplication in common carp (Cyprinus carpio). BMC Genomics 13(1):96. https://doi.org/10.1186/1471-2164-13-96
                
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wei Q, He J, Yang D, Zheng W, Li L (2004) Status of sturgeon aquaculture and sturgeon trade in China: a review based on two recent nationwide surveys. J Appl Ichthyol 20(5):321–332. https://doi.org/10.1111/j.1439-0426.2004.00593.x
                
Article 
    
                    Google Scholar 
                

	Wei R, Yuan D, Wang T, Zhou C, Lin F, Chen H et al (2013) Characterization, tissue distribution and regulation of agouti-related protein (AgRP) in a cyprinid fish (Schizothorax prenanti). Gene 527(1):193–200. https://doi.org/10.1016/j.gene.2013.06.003
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yi J, Gilbert ER, Siegel PB, Cline MA (2015) Fed and fasted chicks from lines divergently selected for low or high body weight have differential hypothalamic appetite-associated factor mRNA expression profiles. Behav Brain Res 286:58–63. https://doi.org/10.1016/j.bbr.2015.02.008
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yuan D, Wang T, Zhou C, Lin F, Chen H, Wu H, Wei R, Xin Z, Li Z (2014) Leptin and cholecystokinin in Schizothorax prenanti: molecular cloning, tissue expression, and mRNA expression responses to periprandial changes and fasting. Gen Comp Endocrinol 204:13–24. https://doi.org/10.1016/j.ygcen.2014.05.013
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yuan D, Wei R, Wang T, Wu Y, Lin F, Chen H, Liu J, Gao Y, Zhou C, Chen D, Li Z (2015) Appetite regulation in Schizothorax prenanti by three CART genes. Gen Comp Endocrinol 224:194–204. https://doi.org/10.1016/j.ygcen.2015.08.015
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang X, Wu Y, Hao J, Zhu J, Tang N, Qi J, Wang S, Wang H, Peng S, Liu J, Gao Y, Chen D, Li Z (2016) Intraperitoneal injection urocortin-3 reduces the food intake of Siberian sturgeon (Acipenser baerii). Peptides 85:80–88. https://doi.org/10.1016/j.peptides.2016.09.007
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang X, Tang N, Qi J, Wang S, Hao J, Wu Y, Chen H, Tian Z, Wang B, Chen D, Li Z (2017) CCK reduces the food intake mainly through CCK1R in Siberian sturgeon (Acipenser baerii Brandt). Sci Rep 7(1):12413. https://doi.org/10.1038/s41598-017-12646-3
                
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
We are very grateful to Runzhao Fisheries (Sichuan, China) for supplying the fish. This study was supported by grants from the Major Project of the Education Department in Sichuan (12ZA120) and the double branch plan of Sichuan Agricultural University (03571762).


Author information
Author notes	Xin Zhang and Yundi Gao contributed equally to this work.


Authors and Affiliations
	Department of Aquaculture, College of Animal Science and Technology, Sichuan Agricultural University, 211# Huimin Road, Chengdu, China
Xin Zhang, Yundi Gao, Ni Tang, Jinwen Qi, Yuanbing Wu, Jin Hao, Shuyao Wang, Defang Chen & Zhiqiong Li


Authors	Xin ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yundi GaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ni TangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jinwen QiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuanbing WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jin HaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shuyao WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Defang ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhiqiong LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
Zhiqiong Li, Yundi Gao, and Xin Zhang conceived and designed the experiments.
Xin Zhang, Yundi Gao, Jin Hao, Yuanbing Wu, Jinwen Qi, Ni Tang, and Shuyao Wang performed the experiments.
Yuanbing Wu and Xin Zhang analyzed the data.
Zhiqiong Li, Xin Zhang, and Defang Chen contributed the reagents/materials/analysis tools.
Xin Zhang wrote the paper.
Zhiqiong Li, Jinwen Qi, Ni Tang, and Shuyao Wang revised the paper.
Corresponding author
Correspondence to
                Zhiqiong Li.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Zhang, X., Gao, Y., Tang, N. et al. One evidence of cocaine- and amphetamine-regulated transcript (CART) has the bidirectional effects on appetite in Siberian sturgeon (Acipenser baerii).
                    Fish Physiol Biochem 44, 411–422 (2018). https://doi.org/10.1007/s10695-017-0444-2
Download citation
	Received: 15 July 2017

	Accepted: 07 November 2017

	Published: 16 November 2017

	Issue Date: February 2018

	DOI: https://doi.org/10.1007/s10695-017-0444-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	CART
	Siberian sturgeon
	Gene expression
	Appetite regulation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.91.226.9
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    